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Ca^AEMS 

K A metallocene compound of general fonnula (T): 

LGZMXp (I) 

, wherein 

.is a divalent group bridging the moieties G and Z, selected from CR^R^, SiR^R^ and 
(CR^R^)2, R^ and R^, which may be the same as or different from each other, are selected 
from \hydrogen, a Ci-Cao-alkyl, C3-C2o-cycloalkyl, C2-C2o-alkenyl, C6-C2o-aiyl, 
C7-C2o-^^laryL, CT-Cao-arylalkyl radical, optionally containing a heteroatom, which can 
form a ring^having 3 to 8 atoms which can bear a substituent; 
Z is a moiety of fonnula (II): 




(n) 



wherein 

R^ and R"*, which may be l^e same as or different from each other, are selected from 
hydrogen, a Ci-C2o-alkyI^ C3-C2o-cycloalkyl, C2-C2o-alkenyl, C6-C20-aryl, 
CT-Cao-alkylaryl, C7-C2o-aiylalkylSradical, optionally containing a heteroatom; 
A and B are selected from sulfur oxygen (O) or CR^ wherein R^ is selected fixDm 
hydrogen, a Ci-C2o-alkyl, C3^2o-cycloalkyl, C2-C2o-alkenyl, C6-C2o-aryl, 
Cv-Cao-alkylaryl, Cy-Cao-aiylalkyl radicaL optionally containing^ heteroatom with the 
proviso that if A is S or O, then B is CR^V if B is S or O, then A is CR^, and wherein 
the rings containing A and B have a double bcmd in the allowed position; 
G is a moiety of formula (DDT): 

RK R7 





whereia 

R^ R^, R^ and R^ which may be the same as or different from each other, are selected 

from hydrogen, a Ci-C2o-alkyl, Ca-Cao-cycloalkyl, C2^o-alkenyl, C6-C2o-acyl, 

\ 

C7-C2o-aIkylaryl, C7-C2o-arylaIkyl radical, optionally containing containing heteroatoms 
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3. 
4. 



^^elonging to groups 13-17 of the Periodic Table of the Elements, and and and/or 
Rf and R^ can form a ring comprising from 3 to 8 atoms, which can bear substituents, 
witl^ the proviso that R^ is different from R^ and when R^ is a tert-butyl radical, R^ is not 
hydrdigen; 

M is an atom of a transition metal selected from those belongmg to group 3, 4, 5, 6 or to 
the lantn^mde or actinide groups in the Periodic Table of the Elements (new lUPAC 
version), 

X, which mW be the same or diflforent, is selected from hydrogen atom, halogen atom, a 
group R^^, OR^^ OSO2CF3, OCOR^^ SR^^, NR^^2 or PR^*^2, wherein the substituents R^^ 
are selected from hydrogen, a Ci-Cao-alkyl, Cs-Cao-cycloalkjd, C2"C2o-alkenyl, 
C6-C2o-aryi, C^C2o-allcylaryl, C7-C2o-arylalkyl radical, optionally containing 
heteroatoms; 

p is an integer of froki 1 to 3, being equal to the oxidation state of the metal M minus 2; 
isopropylidene (3Wimethylsilylcyclopentadienyl)(7- 

dichloride, dimethylsilanediyl (3-trimethylsilyIcyclopentadienyI)(7- 

cyclopentaditiophene)ziroonium dichloride, isopropylidene (3-ethylcyclopentadienyl)(7- 
cyclopentaditiophene)zircomum dichloride, dimethylsilanediyl (3- 

ethylcyclopentadienyl)(7-cycippentaditiophene)2irconium dichloride, isopropylidene (3- 
n-butylcyclopentadienyl)(7-cymopentaditiophene)2irconium dichloride, 
dimethylsilanediyl (3-n-b\itylcyclopentadienyl)(7-<;yclopentaditiophene)2irconiu^ 
dichloride, isopropylidene (3-methylcyclopentadienyl)(7- 

cyclopentaditiophene)zirconium \ dichloride, dimethylsilanediyl (3- 

methylcyclopentadienyl)(7K:yclopent£^itiophene)zirconium dichloride, isopropyUdene 
(3-i-propylcyclopentadienyl)(7-cyclopeiitaditiophene)zircoiii\mi dichloride and 
dimethylsilanediyl (3-i-propylcycIop^tadienyl)(7-cyclopentaditiophene)zircoiiium 
dichloride being excluded. 

The metallocene according to claim 1, wherelij the transition metal M is selected from 
titanium, zirconium and hafiuum. 

The metallocene according to any of claims 1 to 2, Nyherein L is CMe2 or SiMe^- 
The metallocene according to any of claims 1 to 3, ^herein A or B is a sulftir atom and 
the other is a CH group. 
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7. 



The metallocene according to aay of claims 1 to 4, wherein and R"* are the same and 
are selected from a Ci-C2o-alkyl group, which can contain a silicon atom, 
le metallocene according to any of claims 1 to 5, wherein G is a moiety of formula 



H r7 



R9 



(ma) 



r6 



wherein 

R^ and R^ equal tdv or different from each oth^, are selected Scorn hydrogen, a 
Ci-C2o-alkyl, C3-C2o-Vcloalkyl, C2-C2o-alkenyl, C6-C2o-aryl, C7-C2o-alkylaiyl, 
C7-C2o-aiylalkyl radical, omonally containing heteroatoms belonging to groups 13-17 
of the Periodic Table of the Eftmoits 

R^ is selected from a C6-C2o-aiyIisp7-C2o-alkylaxyl or a QR^^R^^R^^ group, wherein Q is 
selected from C, Si, Ge; 

R^^ and R^^ which may be the sa^ as or different from each other, are hydrogen, 
Ci-C2o-alkyl, C3-C2o-cycloalkyl, C2-^(ralkenyl, C6-C2o-aryl, C7-C2o-alkylaryl, 
C7-C2o-arylalkyl radicals, optionally containiiigsa heteroatom, with the proviso that when 
Q is a carbon atom, at least one of R^^ R^^ and R^k a hydrogen atom. 
The metallocene according to claim 6, wherein R^ is^^lected from phenyl, a CHR^^R^^ 
and a SiR^^R^^R^^ group, wherein R^\ R^^ and R^^ are hyJ^gen or Ci-C2o-alkyl groiq)S, 
The metallocene according to any of claims 1 to 5, wheremsp is a moiety of formula 
(IV): 




(IV) 



wherein 
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(T^ is a sulfur atom or a CR}^ group; 

is a carbon atom or a nitrogen atom; 
zi^l orO; 

the r^g containing and has double bonds in the allowed position; 
with tnfe proviso that if z is 1, tMs a CR^^ group and is a carbon atom and the ring 
formed ika benzene ring; and if z is 0, bonds directly the cyclopentadienyl ring, the 
5 members ring formed has double bond in any of the allowed position having an 
aromatic chan^cter and and are not at the same time, a sulfur atom and a nitrogen 
atom. 

R^^ r\ R^^ and R^^ same or different, are selected from hydrogen, a 
Ci-C2o-alkyl> Cs-Qn-cycloaBcyl, C2-C2o-alkenyl, Ce-Czo-suryl, C7-C2o-alkylaryl, 
C7-C2o-arylalkyl radicaiSpptionally containing heteroatoms belonging to groups 13-17 of 
the Periodic Table of the Elements, any of two adjacent R^^ R^^, R^^ R^'^, R*^ and R^^ 
can form a ring comprising 4 to 8 atoms which can bear substituents. 
The metallocene according to cihmi 8, wherein G is a moiety of formula QVb): 



R 



19 



.14 



.IS 



.17 



10. 



ova) 

wherein R^"*, R^^, R^^ R^^, R^^ and R^^, which may the same as or different from each 
other, are selected from hydrogen, a Ci-C2o-alkyl, &-C2o-cycloalkyl, C2-C2o-aD^^yI> 
C6-C2o-aiyl, C7-C2o-alkylaryl, C7-C2o-aiylalkyl racial, optionally containing 
heteroatoms, and any of two adjacent R^^, R*^, R^^, R^^, and R^^ can form a ring 
comprising 4 to 8 atoms which can bear substituents and \{ie benzrae ring can be 
perhydrated. 

The metallocene according to claim 9, wherein G is a moiety of fonAula (TVb) 



115 



wo 01/47939 



PCT/EPOO/13191 





(TVh) 

wherein R^\R^^ R^^, and R*^ are selected fix>ni hydrogen, a Ci-Cao-alkyl, 
Ca-Cao-cycloaim Ca-Cao-alkenyl, Ce-Czo-aryl, Cr-Cao-alkylaryl, C7-C2o-aiylalkyl 
radical, optionally \pntaining heteroatoms belonging to groups 13-17 of the Periodic 
Table of the Elementkand any of two adjacent R^", R'^ B}\ R^* can form a ring 
comprising 4 to 8 atonnis\which can bear substituents; R^"* is selected from the group 
consisting of CrC2o-alkyl orC6-C2o-aryl group, 
1 1 . The metallocene according to cl^jn 9, wherein G is a moiety of formula (JVc) 



»19 



18 



R 



14 



R 



17 



12. 



13. 



14. 



(IVc) 

wherein R*^ R^^, R^^, and R^^ are selected ^fcom hydrogen, a Ci-Cao-alkyl, 
C3-C2o-cycloalkyl, C2-C2o-alkenyl, C6-C2o-aiyl, C7-^-alkylaryl, C7-C2o-arylalkyl 
radical, optionally containing heteroatoms belonging to ^ups 13-17 of the Periodic 
Table of the Elements, and optionally any of two adjacent R^ V^^^ R^^, R^^ and R*^ can 
form a ring comprising 4 to 8 atoms which can bear substituents;; 

R^^ is selected from the group consisting of CrC2o-alkyl or C6-C20-W1 groiq) or forms 
with R^^ a benzene ring that can bears substituents. 

The metallocene according to claim 11, wherein R^"^ is selected froiik the group 
consisting of Ci-C2o-alkyl or Ce-C2Q'aryl group such as a methyl, ethyl, or phenyi^group. 
The metallocene according to any of claima 11-12, wherein R^^ is selected fro!qj the 
group consisting of Ci-C2o-alkyl or C6-C2o-aryl. 

The metallocene according to claim 8, wherein G is a moiety of formula (JVd): 
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It-' 



15. 



16. 




1^' 



.18 



.17 



(IVd) 



wherein 
is a SI 



L atom or a CR^^ group; 



is a carbon atom or a nitrogen atom; 
the 5 member ring formed by and has double bonds in any of the allowed 
position, having an atomatic character; 

with the proviso that irvT^ is a sulphur atom is not a nitrogen atom; 
R^"*, R^^ and R^^ which mW be the same as or different &om each other, are selected 
from hydrogen, a CrC2oV^Ikyl, C3-C2(rcycloaIkyl, Ca-Cao-alkenyl, Ce-Cio-atyl, 
C7-C2o-aIkylaiyl, C7-C2o-aryIallgd radical, optionally containing heteroatoms belonging 
to groups 13-17 of the Periodic Table of the Elements and R^^and B}^ can form a ring 
comprising 4 to 8 atoms which can belm: substituents. 

The metallocene according to claim 14 ^erein T^ is a carbon atom; T^ is a sulphur atom 
and R^^ R^^ and R^^ equal to or different fli^m each other are Ci-Cao-alkyl, C6-C2o-aryl. 
A ligand of formula (V): 

LG'Z: (V) 

wherein L is defined as in claims 1-5: 
Z' is a moiety of formula (VI): 



R^ 




m 

and its double bound isomers; 

wherein A, B, R^ and R^ are defined as in claims 1-5 and the double\onds are in any 
of the allowed positions; 
G' is a moiety of formula (VII): 
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17. 



18. 



cm 

and its aouble bond isomers; 

wherein R^, R^, and R^ have the meaning as defined in any of claims 1 to 5. 
A process for\the preparation of a hgand of formula (V): 

LG'Z' (V) 
wherein G', Z' an^L are defined as in claim 16; 
comprising the folloMag steps: 
a) contacting a conmoimd of the formula (VHI) with a base selected firom the group 
consisting of metallic sodium and potassium, sodium and potassium hydroxide 
and an organic Utlnium compoimd, wherein the molar ratio between the 
compoimd of the formula (VHI) and said base is at least 1:1; 




b) 



wherein A, B, R^ and R'* are described in claims 1-5; 
contacting the corresponding anionicNmoiety of the formula (VIII) with a 
compound of formula (IX) : 

R6 

Rl 




(DO 

wherein R\ R^, R*, R\ R* and R* are described in claim 1 an^ then treating the 
obtained product with a protonating agent. 
A process for the preparation of a ligand of formula (V): 

LG'Z' (V) 
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lerein L, G' and Z' are defined as in claim 16 are defined in claim 1 comprising the 
.following steps: 

a) \ontacting a compoimd of the formula (Vm) with a base selected from the group 
consisting of metallic sodium and potassium, sodium and potassium hydroxide and 
an orgaljic lithium compoimd, wherein the molar ratio between the compound of the 
formula (VDI) and said base is at least 1 : 1 



b) 




(vm) 

wherein A, B, R^^md R"* are described as in claims 1-5; 

contacting the ob^dned anionic compoxmds of the formula (VDI) with a 
compound of formula 1 

R6 



R8- 



-LY 



(DO 

wherein L, R^ R^, R^ and R^ are defif^ as in claims 1-5 and Y is a halogen 
radical selected from the group consisting of chloride, bromide and iodide. 

19. A process for the pr^aration of a metallocene compoimd as defined in any of claims 1 to 
15, obtainable by contacting the ligand of general foranila (V) with a base capable of 
forming the corresponding dianionic compound and thereafter with a compound of 
general fomiula MX|H-2, wherein M, X and p are defined as in is^aims 1-5. 

20. A catalyst obtainable by contacting: 
(A) a metallocene compound of formula (T) 



LGZMXt, 



00 



wherein L, Z, M, X, and p has been defined as in claims 1-5 and G if a moiety of 
formula (lU): 
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whksxan K\ bJ, and R^, which may be the same as or different from each other, are 
selected from the group consisting of hydrogen, a Ci-C2o-alkyl, Cs-Cao-cycloalkyl, 
C2-C2o-a]kenyl, Ce-Cao-aryl, C7-C2o-alkylaryl, C7-C2o-aiylalkyl radical, optionally 
containing Xheteroatoms belonging to groups 13-17 of the Periodic Table of the 
Elements, R^md and/or R^ and R^ can form a ring comprising from 3 to 8 atoms, 
which can bear si^tituents; with the proviso that R^ is different from R^ and when R^ is 
a tertbutyl radical R^not hydrogen; and 

(B) an alimioxane and/or a compoimd capable of forming an alkyl metallocene. 

21. The catalyst according to claim 20 wherein in the metallocene compound of formula (T) 
G is a moiety of formula (IIIa}>pr (TV) wherein said moieties are defined in claims 6 and 
8, \ 

22. The catalyst according to claim 2lNvhereui in the metallocene compoimd of formula (I) 
G is a moiety selected from the cOTipound of formula (IVa) (IVb), (JVc) or (IVd) 
wherein said moieties are defined in claims 9-15. 

23. The catalyst according to any of cl^ns 20-22, wherein said alumoxane is 
methylalumoxane (MAO), isobutylalumoxane (TIBAO) and 2,4,4-trimethyl- 
pentylalumoxane (TIOAO). N^. 

24. The catal>^t according to any of claims 20-22, wherein the compound capable of forming 
a metallocene alkyl cation is a compound of formxila^*^", wherein D"*" is a Brensted 
acid, able to donate a proton and to react irreversiblyWth a substituent X of the 
metallocene of formula (I) and E" is a compatible anion, wffich is able to stabilize the 
active catalytic species originating from the reaction of the two compounds, and which is 
sufficiently labile to be able to be removed by an olefinic monomer.X 

25 . A process for the preparation of a polymer of alpha-olefins comprising^qpntacting one or 
more alpha-olefins under polymerization conditions with a catalyst denized in any of 
claims 20-24. \ 

26. The process according to claim 25 for the preparation of homo- and copoljmers of 
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propylene. 

The process according to claim 26 wherein the process is carried out in the presence of 
an alpha-olefin selected from 1-butene, 1-pentene, 1-hexene, 4-mefhyl-l-pentene, 1- 
octene, 1-decene and 1-dodecene. 

28. The process according to claim 25 for the preparation of homo- and copolymers of 
ethylene. 

29. The proce^ according to claim 28, wherein the process is carried out in tiie presence of 
an olefin sekcted from propylene, 1-butene, 1-pentene, 4-methyl-l-pentene, 1-hexene, 
1-octene, 4,6^itonethyl-l-heptene, 1-decene, 1-dodecene, l-tetradecene, 1-hexadecene, 
1-octadecene, Inricosene, allylcyclohexane, cyclopentene, cyclohexene and norbomene, 
1,5-hexadiene, 1-Orheptadiene, 2-methyl-l,5-hexadiene, trans 1,4-hexadiene, cis 1,4- 
hexadiene, 6-methyi-l,5-heptadiene, 3,7-dimethyl-l,6-octadiene, ll-methyH,10- 
dodecadiene, 5-ethyUdene-2-norbomene . 

30. The process according to^any of claims 25-29 wherein the catal)^ is supported on an 
inert carrier. 

31. The process according to anyNpf claims 25-30 characterized in that it is carried out in gas 
phase. 

32. A propylene homopolymer havinkthe following characteristics: 

- triads (nam) satisfy the relation < mm< 85; 

- melting enthalpy (AH) of between 5sJ/g and 70 J/g. 

- Haze (ASTM 2457) from 15% to 30%r 

- Gloss (60^C)(ASTM 2457) from 60% to ^/o; 

- Tensile modulus (ASTM D4065) from 1000 Nfoa to 200 Mpa; 

- Elongation at break (ASTM D4065) from 300% to 900%; 

- Strength at break (ASTM D638) from 1 0% to 40%S 

33. A propylene copolymer containing from 0.1 to 30% by moles of imits deriving from an 
olelBn of formula CH2=CHR% R' being hydrogen, a Ca-Cao-alkyl or a Ce-Cu-aryl group, 
said propylene copolymer having the following characteristics: 

melting enthalpy < 70 J/g; 

triads (nam) satisfy the relation: 30 < mm < 85. 

34. The propylene copolymer according to claim 33 wherein the olefin of formula 
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CH2=CHR' is ethylene. 
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